In view of the increasingly produced biofortified cassava roots in Nigeria, it becomes necessary to assess more of its utilization. This study therefore aimed at evaluating the nutrients value of custard powder produced from HQYCS (High quality yellow cassava starch) enriched with PDSF (Partially defatted soybean flour) at varying proportions of 10, 20, 30 and 40%. Proximate composition, carotenoid content, functional and pasting properties of the mixture were determined. Gruel prepared from the mixture were evaluated for consumer acceptability using commercial custard as control. Data obtained were subjected to analysis of variance (ANOVA) and significant means were separated using Tukey's Test. Correlation analysis were performed on the data to determine the association between the parameters. Proximate composition that contains 13.29% protein, 8.31% fat, 1.24% fibre, 1.18% ash at 10% PDSF enrichment level increased to 15.45, 10.05, 3.96 and 2.15% for protein, fat, fibre and ash at 40% PDSF respectively. The highest total carotenoid content (9.42 ± 0.70 μg/g) was obtained in 100% custard powder. There was significant difference (p < 0.05) in the water absorption capacity of custard sample with a range of 103-189 g/g. Range values for pasting properties were peak viscosity (170.12-393.4 
PUBLIC INTEREST STATEMENT
Yellow cassava is similar to ordinary varieties of cassava (Manihot esculentum) but it has a yellow flesh. The yellow concentration colour is an important part of nutritional information of the yellow fleshed cassava root which is known as the beta-carotene, a component which is converted by the body into vitamin A. Since one of the most common micronutrient deficiencies worldwide are those of vitamin A, therefore, this could help in reducing the effect of vitamin A deficiency. However, this makes yellow cassava varieties more relevant in food industry. The presence of high concentration of beta-carotene in the yellow flesh cassava varieties necessitates its utilization in the production of custard powder. Therefore, it is recommended that some innovations could increase acceptability and nutritional content of locally prepared cassava-based foods. This study can help industries to develop custard food products with the use of yellow cassava starch.
Introduction
The problem of malnutrition as a results of vitamin A deficiency in the developing countries has been a challenge (Mayer, Pfeiffer, & Beyer, 2008) . Millions of people in the world not minding the vulnerable group now get fewer vitamins than what is needed in the diet. As a result of this, most research institutes like National Root Crops Research Institute (NRCRI), Umudike, International Institute of Tropical Research Institute (IITA), Ibadan to mention but few now involved in biofortification of some major stable crops such as cassava roots to minimize the effect and complement Nigeria Government's efforts to check vitamin A malnutrition (Mayer et al., 2008; Tanumihardjo, 2008) . The recent introduction of yellow root cassava or β-carotene cassava varieties have potential of providing up to 25% of daily vitamin A required by the body thereby improves the nutritional status of the consumers (Ferreira et al., 2008) . Therefore, there is a need to evaluate some of the foods that consumers eat every day from these newly breed crops for value addition as well as enhancing better and wide range utilization of the crop (Mayer et al., 2008) . Cassava roots are rich in carbohydrates, but deficient in proteins and many essential micronutrients. Cassava roots have high starch content, about 60%, and it is therefore a cheap and excellent source of dietary carbohydrate but contain low protein which can only be improved by incorporating high protein containing crops such as cowpeas and soybeans as a means of protein enrichment (Muoki, Kock, & Emmambux, 2012) . The use of the starch produced from biofortified cassava roots in the production of custard powder which has gradually find its application in food formulation and composite flour preparations in Nigeria would be one of the sustainable strategy to prevent and minimize the deficiency of vitamin A. Custard powder is an edible yellow coloured starch, sweetened and flavoured in which when hot milk is added, the gruel gives the desired colour, taste and aroma (Okoye et al., 2007) . The addition of animal protein egg can also serves as a source of protein in custard production (Awoyale, Sanni, Shittu, & Adegunwa, 2015) . However, as a result of financial situation of the populace, many consume custard without addition of milk or egg, which results in dietary deficiencies of protein, and this has been another growing nutritional problem in Nigeria. Many people have been implicated in malnutrition (Akoja & Mohammed, 2011) therefore; protein supplementation of cassava-based products is essential. One way of improving the protein content of cassava products is to add protein-rich material such as soybean flour (Muoki et al., 2012) . Soybean (Glycine max) is one such protein source, which when used partially to enrich cassava starch-based custard would help tremendously in improving the nutritional quality of the product. According to Iwe (2003) , soybean plays a very important role in enrichment of cereals and tuber crops based food products due to its nutritional quality and functional properties. However, incorporating soybean-flour into cassava starch may change the physicochemical properties, therefore this work was aimed to determine the effect of soybean flour enrichment on the chemical and physicochemical properties of custard powder and also to evaluate the consumer acceptability of the reconstituted thick gruel, a common food similar to ogi in Nigeria. 
Materials and methods

Materials
Methods
Preparation of high quality cassava starch and partially defatted soybean flour
The yellow fleshed cassava starch was produced using the traditional method described by Oyewole and Obieze (1995) . The matured cassava roots were peeled, washed in water and grated with commercial mechanical grater. The resulting pulp was immediately sieved through a 0.9 mm standard Tyler screen to obtained starch slurry. This was allowed to sediment so as to decant the water. The starch cake obtained was then stirred with water, sedimented and decanted three times respectively. The final starch cake obtained was broken by hand and dried in a convectional cabinet dryer at 45 ± 5°C for 18 h. The starch was allowed to cool to room temperature, milled and packed in air tight polythene nylon prior for further use (Figure 1 ). Soybean seed was processed into defatted flour using the method described by Okoye et al. (2007) , (Figure 2 ).
Preparation of various custard blends
The custard powder containing varying proportions of defatted soybean flour (0-40%) together with yellow cassava starch were prepared by mixing required amounts of respective starch, (Figure 3 ).
Chemical analysis
The samples obtained from different mixtures of custard powder were analyzed for moisture, ash, crude fibre, protein (N*6.25) and crude fat (according to the method described by Association of Official Analytical Chemist (2005) . The carbohydrate determined by difference.
Physico-chemical properties
Colour
This was determined using colour meter (Colour Tec PCMTM Colour Tec association, Inc., 28 Center STREET, Clinton, NJ08809). The colorimeter operates on the CIE (Commission International de 2 white paper with 36CIE whiteness D65. About 3 g of starch were put on a clean paper and the colour meter was placed on the sample by allowing the sensor to touch the sample. The reading was taken directly for L*. The instrument displays three-dimensional colour differences in uniform colour space (Lab) co-ordinates. Uniform colour space defines three directions, a light to dark direction, called L*. A red to green direction called a*, and a blue to yellow direction called b* Abbas, El Tayeb, and Sulleiman (1992) . Hue angle h o is also an attributes of colour used to indicate the degree of departure of the colour from gray of the lightness h o = tan 
Carotenoid content
The total carotenoid content was determined according to the method described by RodriguezAmaya (1999) . Ten grams portion of the representative sample was weighed and transferred into a polytron homogenizer cup to which 50 mL of cold acetone was added and the mixture homogenized for 1 min. This was then filtered with suction through a Buchner funnel using Whatman No 40 filter paper, into a collection flask. The polytron homogenizer, flask and residue were washed with acetone, receiving the washing in the cup and extraction procedure repeated until the residue was colourless. The acetone extract was poured into a preparatory funnel containing 20 mL petroleum ether. Water was added slowly, letting it flow along the wall of the funnel to avoid formation of an emulsion. This was left to stand for a few minutes, for two phases to separate. The lower aqueousacetone phase was discarded. Successive washings with water (about 4-5 times) removed all traces of acetone. The petroleum ether phase was made to pass through a glass funnel containing cotton wool and anhydrous sodium sulphate and collecting the washing in same flask to make up to volume. The extract was read at 450 nm and total carotenoid content calculated as follows, 
Pasting properties
A Rapid Visco Analyzer (RVA) (model. RVA-3D + Newport Scientific ply. Ltd., Sydney, Australia, 1995) were used to evaluate the pasting properties of formulated custard powdered sample. A sample of 3 g was weighed into a canister and made into slurry by adding 25 mL of distilled water. The canister (covered with a stirrer) was inserted into the RVA. The slurry was heated from 50 to 95°C with a holding time of 2 min followed by cooling to 50°C with 2 min holding time while maintaining a rotation speed of 160 rpm. The viscosity is expressed as Rapid Viscosity Units (RVU). Records were taken of peak viscosity (the maximum viscosity during pasting), breakdown viscosity (the difference between the peak viscosity and the minimum viscosity during pasting), setback viscosity (the difference between the maximum viscosity during cooling and the minimum viscosity during pasting), final viscosity (the viscosity at the end of the RVA run), pasting temperature (°C) (the temperature at which there is a sharp increase in the viscosity of the flour suspension after the commencement of heating), and peak time (min) (time taken for the paste to reach the peak viscosity) (Falade & Olugbuyi, 2010) .
Functional properties 2.4.4.1. Least gelation concentration. Least gelation concentration (
LGC) was determined by the methods described by Coffman and Garcia (1977) . Ten suspensions (2, 4, 6, 8, 10, 12, 14, 16, 18, and 20% w/v) of the samples in 5 mL distilled water were prepared in test tubes. The test tubes and heated in a boiling water bath (Thelco, model 83, Missouri City, Texas, United States) for 1 h. The tubes and contents were cooled rapidly under running water and then cooled further for 2 h at 4°C. The tubes were then inverted to check if the contents would fall or slip off. The least gelation concentration is that concentration when the sample from the inverted test tube does not go down or trip off.
Water absorption capacities (WAC).
Water absorption capacities (WAC) of the flour samples were determined by the modified method of Beuchat (1977) . Custard powder sample of (1 g) was mixed with 10 mL of distilled water and blended for 30 sec. It was then allowed to stand for 30 min after which it was centrifuged at 1,303 g for 30 min at room temperature. The supernatant was decanted. The weight of water absorbed by the custard powder was calculated and expressed as percentage WAC.
(1) 
Swelling power and solubility.
Swelling power and solubility were determined as described by Oladele and Aina (2007) . Flour samples (10 g) were placed in a preweighed graduated measuring cylinder and 100 ml of distilled water was added. The suspension was stirred and allowed to set for 1 h. The supernatant was discarded and the cylinder with its content weighed to obtain the weight of the net sample. Swelling capacity on volume basis was calculated as difference in final to initial volume of the sample.
Bulk density.
The methods described by Oladele and Aina (2007) were used for the determination of bulk density. The custard powder samples were weighed (7 g) into a 50 mL graduated measuring cylinder. The cylinder was tapped gently against the palm of the hand until a constant volume was obtained. Bulk density was calculated as weight of sample/volume of sample after tapping.
Sensory evaluation
Twenty grams of each sample including the commercial custard was measured into a clean beaker, 100 mL of tap water was added and the mixture was measured and 80 mL of boiling water was added to form paste. The paste was served to the panelists at 50°C with addition of sucrose. The samples were rated on the following quality attributes; colour, taste, aroma and overall acceptability using a nine-point hedonic scale system Meilgaard, Civille, and Thomas Carr (1999) . A 50-member panel including staff and students randomly selected from Federal University of Agriculture, Abeokuta was used with the following individual scores: 1 = Extremely dislike, 5 = neither like nor dislike and 9 = Extremely like. The scores obtained were subjected to analysis of variance at 5% level of significance and means separated using Turkey test.
Statistical analysis
All data obtained were subjected to analysis of variance (ANOVA) in triplicates and means were separated by Turkey's Test using SPSS (version 16.0) (SPSS Inc., USA). Correlation analysis was performed on the data to determine the association between the parameters.
Results and discussion
Chemical composition
There were significant differences (p < 0.05) in the moisture content of the custard powder samples as shown in Table 1 . Custard powder enriched with 40% partially defatted soybean flour had the least moisture content (6.50%) while those made from 10% had the highest (7.88 ± 0.04%). An increase in the inclusion level of soybean resulted in a significant (p ≤ 0.05) increase in the crude protein, fat, fibre and ash content of the custard powder from 0.72 to 15.45%, 2.75 to 10.05%, 0.56 to 3.96% and 0.09 to 2.15%, respectively while carbohydrate content was significantly decreased (p ≤ 0.05) from 96.44 to 72.35%. The improvement in the proximate composition of cassava based The increase in protein content is similar to some other research study in which soy flour was used in products enrichment (Jimoh & Olatidoye, 2009; Kolapo & Sanni, 2005) . This increase in the protein content of soybean flour enriched product has been attributed to the significant quality of protein in soybean seeds. Therefore, the high protein content of soy enriched "custard powder" would be of nutritional importance in most developing countries like Nigeria where the cost of obtaining high protein food is high.
Carotenoids are auxiliary photosynthesis pigment which cannot be synthesized by human body. These pigments, which can be transformed by human organism into vitamin A have to be supplemented through dietary intake (Van den Berg, Dentener, & Lelieveld, 2000) . Yellow cassava varieties and its processed products were high in provitamin A carotenoid, which mainly contributed to the improvement of nutritional status in many developing countries including Nigeria. The results in Table 2 revealed a significant reduction (p ≤ 0.05) in total carotenoids from 9.42 to 8.88 μg/g) as soy enrichment increased from 0 to 40%. This could be as a result of higher fibre content in soybean seed Yonekura and Nagao (2009) , which is also in agreement with the observations of Calderón, McCarty, and Reeves (2006) . However, total carotenoids of samples fortified with 10 and 20% as well as 20, 30 and 40% were not significantly different (p ≥ 0.05) from each other. Highest total carotenoids (9.42 ± 0.70 μg/g) were obtained in 100% custard powder while the lowest were obtained in 60%. The carotenoids values of yellow-fleshed cassava obtained in this study were within 2.64-14.15 μg/g of fresh weight range reported by Oliveira, Hamilton, Pauli, Davis, and Nasmyth (2010) . 
Pasting properties of yellow-fleshed cassava custard powder
The pasting properties of starch depend on the amylose content of the flour along with the amount of non-starchy components (protein and fat) and processing techniques (Onitilo, Sanni, Daniel, Maziyadixon, & Dixon, 2007) . Table 3 (Sanni, Adebowale, Filani, Oyewole, & Westby, 2006) . It is the measure of stability of a paste after cooking. It is the phase where the mixture's reassociation between the starches molecules (during cooling) occurs to a greater or lesser degree. It, therefore, affect retro gradation or re-ordering of the starch molecules Sanni et al. (2006) . Setback also reflects the retro gradation tendency of starch, which inhibits the increase in the minimum viscosity upon cooling Zaidul, Yamauchi, Kim, Hashimoto, and Noda (2007) . The values obtained for setback of soybean enriched cassava custard were higher than those reported by Awoyale, Sanni, Shittu, and Adegunwa (2016) who reported that lower setback viscosity during the cooling of custard indicates higher resistance to retrogradation. The high setback viscosity could be an indication that the texture of such gruel may not be stable and might undergo syneresis faster (Maziya-Dixon, Sanni, Adebowale, Onabanjo, & Dixon, 2005) . Shimels, Meaza, and Rakshit (2006) reported that final viscosity is used to indicate the ability of starch to form various paste or gel after cooling and that less stability of starch paste is commonly accompanied with high value of breakdown. This implies that samples without soybean fortification will be less stable after cooling compared to fortified samples. Peak viscosity is often correlated with the final product quality. It also provides an indication of the viscous load likely to be encountered during mixing (Maziya-Dixon, et al., 2005) . Pasting temperature is the temperature where the viscosity first increases by at least 2 RVU over a 20 sec period. It gives an indication of temperature required to cook the flour beyond its gelatinization points. The effect of soy flour enrichment was not significant (p ≥ 0.05) on the pasting temperature. The present research shows that all the samples can be cooked beyond their gelatinization stage at almost the same temperature. Breakdown viscosity is regarded as the measure of the degree of disintegration of granules or paste stability during the holding period of viscosity test (Newport Scientific, 1995) . This fact had also been established by Adebowale, Olu-Owolabi, Olayinka, and Olajide (2005) that the lower the breakdown viscosity, the higher the paste stability. High value of breakdown is associated with high peak viscosity, which in turn is related to the degree of swelling of the starch granules during heating Ragaee and Abdel-Aal (2006) . Adebowale et al. (2005) reported that the higher the breakdown viscosity, the lower the ability of the sample to withstand heating and shear stress during cooking. The observation of this study therefore suggests that higher level of soy flour inclusion in cassava based custard increases the ability of the custard to withstand heating and shear stress.
Functional properties
Functional properties are referred to as those physical and chemical properties that influence the behaviour of proteins in food systems during processing, storage, cooking and consumption (Mahajan & Dua, 2002) . The Least gelation concentration (LGC) of the formulated custard sample significantly increased (p < 0.05) from 14.0 to 20.0 ± 1.41 as soybean enrichment increased from 0 to 20%. The increase in the least gelation concentration of soybean-enriched custard powder observed in this study was in agreement with the findings of Lorena, Pablo, Ribotta, León, and Gabriela LGC may be attributed to the protein concentration of the soybean seed (Iwe, 2003) . This also means that the formulated product has increased capability to provide structural matrix for holding water, flavours, sugars and food ingredients, an attribute of practical importance in the development of new products (Aremu, Olonisakin, Atolaye, & Ogbu, 2006) . The water absorption capacity (WAC) of the custard sample increased significantly (p ≤ 0.05) with range between 81.83 and 189% respectively. The increased in inclusion level of defatted soybean flour which resulted in increase in protein content, leads to high water binding capacity which improves the reconstitution and textural ability obtainable from the custard (Abioye et al., 2011; Adebowale, Sanni, & Oladapo, 2008) . Thus, this observation suggests that cassava starch-soybean custard powder could be useful in soup formulations and may be desirable for making thinner gruels Sandhu, Gao, Cianzio, and Bhattacharyya (2004) . Solubility of the custard sample decreased significantly (p ≤ 0.05) as soybean inclusion increased from 10 to 40%. The range of values obtained for solubility index of the enriched cassava custard powder was lower than those reported by (Baafi & Safo-Kantanka, 2007) . This observation may be explained based on the principles that there is an inverse relationship between proteins that contain high non-polar patches (residues) and solubility. However, a significantly difference (p < 0.05) was observed between 30 and 40%. There was no significant difference (p > 0.05) in the dispersibility of 0-20% soybean inclusion). However, a significantly difference (p < 0.05) was observed between 30 and 40%. Bulk density is a measure of heaviness of flour Adejuyitan, Otunola, Akande, Bolarinwa, and Oladokun (2009) and an important parameter that determines the ease of handling during transportation and processing Shittu, Lasekan, Sanni, and Oladosu (2001) as well as suitability for infant food formulations. Bulk density of samples enriched with 10, 30 and 40% defatted soy were not significantly different (p > 0.05) from each other. The reduction in bulk density as a result of enrichment observed in this study is similar to the observations of Onimawo, Nmerole, Idoko, and Akubor (2003) and Elkhalifa, Schiffler, and Bernhardt (2005) . The low values of bulk densities of soy flour fortified custard may suggest its suitability for high nutrient density and desirability for infant food preparation Nelson-Quartey, Amagloh, Oduro, and Ellis (2007) . Granule swelling capacity plays an important role in the rheological behaviour of starch suspensions. When starch granules are heated with sufficient water, the crystalline structure of starch is disrupted, which causes increased granule swelling Onitilo et al. (2007) and Huang, Wang, and Yu (2009) . Swelling power was significantly increased (p < 0.05), as soy flour inclusion increased from 10 to 20%. The swelling capacity of the custard powder decreased with increased fortification with soy flour in agreement with the observations of Abioye et al. (2011) . The high swelling power of soy fortified custard (an important criterion for good quality) may suggests it's applicability in noodle production McCormick, Panozzo, and Hong (1991) . Thus, this observation suggests that cassava starch -soybean custard powder could be useful in soup formulations and may be desirable for making thinner gruels (Sandhu et al., 2004) .
Sensory acceptability of custard gruel
Sensory evaluation is the expression of an individual like or dislike for a product as a result of biological variation in man and what people perceive as appropriate sensory properties. It is a unique Table 5 . Correlation between functional and pasting properties of the formulated custard powder
Notes: WAC-water absorption capacity, SP-swelling power, SOL-solubility, DIS-dispersibility, BD-bulk density, PV-peak viscosity, BKD-breakdown, FV-final viscosity, STB-setback, PT-pasting time, PAT-pasting temperature. *Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). source of product information not easily obtained by other means. It measures the responses of people to products in terms of appearance, aroma, taste, texture, and after taste, without benefit of label, pricing, or other imagery (Iwe, 2003) . The scores of the sensory evaluation performed on sample of gruel prepared from commercial corn-based, cassava based and soybean flour fortified cassava custard powder are shown on Table 4 . The results of the colour, taste and aroma ranges between 5. 68-6.45, 5.90-6.47, 5.06-5.88 in the entire gruel sample. 40% having highest value of aroma. However, there was no significant difference (p > 0.05) between the colour of 30 and 40% enrichment. This may be due to the roasted soybean flour. It was also revealed that commercial corn based custard gruel had the best scores for colour, taste, aroma and overall acceptability (7.98, 7.52, 7.46 and 7.52, respectively) compared to all the other formulated.
WAC
Correlation analysis
The various correlations observed among the custard property and characteristics are fundamental pointers to a strong interrelationship among the factors as well as providing valuable information on the degree of influence of one factor on another. In Table 5 , Swelling power was negatively correlated to water absorption capacity (r = −0.719) this agrees with the findings of Moorthy (2002) who observed that fibre acts as a barrier to the free swelling of starch granules hence increasing the pasting temperature and peak time. Dispersibility and swelling power were positively correlated to peak viscosity, this explains the increase in swelling power with increase in the pasting properties of starch (Ricard, Doglioni, & Sabadini, 1991) . However, in Table 6 , a positive correlation was observed between the instrumental colour and sensory colour which is in agreement with Szczesniak (2002) who observed a correlation between instrumental assessment and sensory evaluation of food products and confirmed that it may not always be very good to rely on it because it might sometimes be product-dependent.
Conclusions
This findings infer that, defatted soybean enriched custard powder can be used to provide alternative, cheap and nutritious food that can be used to uplift social economic condition of people associated with protein energy malnutrition and vitamin A deficiency as a results of the significant increase (p < 0.05) in the protein and carotenoid content of the developed custard powder. There was no significant difference (p > 0.05) in all the sensory attributes of the gruel of 30 and 40% custard. However, the gruel prepared from 10 to 20% enrichment was appreciated interms of overall acceptability of the sensory analysis. Some of the functional properties (such as the bulk density and water holding capacity) of the cassava starch-defatted soybean blend has industrial potential to become a new source of raw materials for the production of cassava-based products, confectionery products, and various other food products. 
